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® Artificial heart valves. 

© A Woprosthetic mitral valve replacement comprises a 
flexible frame (1) having a ring-shaped base (2) and at least a 
pair of upstanding posts (3), which divide the base into at 
least two portions (2A, 2B) of varying flexibility, together 
with animal tissue leaflets (4) each having a periphery 
consisting of e free portion (4A) extending between the tips 
<3X) of posts (3) and a fixed portion (48) secured end sealed 
to corresponding sides of the posts and the adjacent portion 
of the base. A bicuspid mitral valve replacement has a pair of 
posts (3) disposed at opposite ends of a diameter of the 
undlttorted base (2), or displaced therefrom towards the 
portion <2A) of lesser flexibility to accommodate leaflets (4) 
of unequal size. The frame (1) Is formed of Delrin covered 
with Dacron doth, the Delrin having differing thicknesses to 
either tide of the posts (3) which merge into the base (2) by 
way of a continuous curve (6) on each side. The leaflets (4) 
are cut from flat sheet in a special way to avoid stress-fixing. 
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ARTIFICIAL MAEI VALVE S 

This invention relates to artificial 
heart valves and has for its object the 
provision of a bioprostheti c bicuspid or 
tricuspid mitral valve replacement affording a 
performance closely comparable to that of a 
natural mitral valve. 

According to the present invention, a 
bi oprosthe ti c mitral valve replacement 
comprises a flexible frame having a ring- 
shaped base and at least a pair of upstanding 
posts, which divide the base into at least two 
portions of varying flexibility, together with 
animal tissue leaflets each having a periphery 
consisting of a free portion extending between 
the tips of posts and a fixed portion secured 
and sealed to corresponding sides of the posts 
and the adjacent portion of the base. 



base is attached to the circumference of the 
auriculo-ventricular orifice (preferably 
through an intermediate sewing ring) with the 
portion of the base of greater flexibility 
adjacent the aortic valve, whereby the base 
can deform from a substantially circular shape 
to an approximate D-shape, as is the case with 



In use in a heart, the ring-shaped 
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the natural mitral valve* 

In a bicuspid raitral valve replacement 
a pair of posts may be disposed at opposite 
ends of a diameter of the undistorted base, or 
5 they may be displaced therefrom towards the 
portion of lesser flexibility to accommodate 
leaflets of unequal size, as in the natural 
raitral valve. In a tricuspid mitral valve 
replacement three posts may be disposed at 

10 regular intervals round the undistorted base, 
or at other intervals dictated, for example,' 
by the? anatomical requirements of coronary 
ostia in aortic valve replacements. 

The flexible frame is preferably 

15 formed of Delrin (Registered Trade Mark) 
covered with Dacron (Regi stered' Trade Mark) 
cloth, with the differential flexibility 
afforded by differing thicknesses of the frame 
material to either side of the posts. The 

20 posts preferably merge at each side into the 
respective arcuate portions of the ring-shaped 
base, with the merging preferably being by way 
of a continuous curve from the rounded tip of 
one post to the rounded tip of the other post. 

25 The valve leaflets are preferably cut 

from a flat sheet of fully fixed (i.e. 
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gluteraldehyde treated) animal tissue (e.g. 
bovine or calf pericardium), but the shape of 
each leaflet preferably corresponds to a 
portion of a surface of a cone which portion 

5 is defined by the intersections on the conical 
surface of two parallel flat planes having 
peripheries on the conical surface 
corresponding in length respectively to the 
circumference of the ring-shaped base and the 

10 distance between the tips of the posts of the 
frame, and a third intersection on the conical 
surface of a curved plane concave towards the 
apex of the cone and intersecting the two 
parallel flat planes at opposite sides of the 

15 cone, the spacing of the flat planes and the 
curvature of the curved plane being such that 
the development of the curved plane on the 
conical surface matches in length and 
curvature the continuously blending curve of 

20 one arcuate portion of the ring-shaped base 
and the adjacent sides of the posts, so that 
no moulding or stress-fixing of the leaflet 
material is required. 

Two embodiments of the invention and a 

* 

25 slight modification of one, will now be 
described, by way of example only, with 
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reference to the accompanying drawings, in 
which 

Figure 1 is a perspective view of a 
bicuspid mitral valve replacement in 
accordance with the invention; 

Figure 2 is an underneath view or 
inflow aspect of the valve replacement of 
Figure 1; 

Figures 3(a) and (b) are side 
elevations at 90° to each other of the frame 
of the valve replacement of Figures 1 and 2; 

Figure 3(c) is an underneath view of 
Figure 3(a); 

Figure 3(d) corresponds to Figure 3(c) 
but shows how the base can deform to a D- 
shape; 

Figure 4 is a diagram illustrating how 
the shape of each leaflet of the valve of 
Figures 1 and 2 is derived; 

Figure 5 corresponds to Figure 3(a) 
but shows the frame of a bicuspid mitral valve 
replacement with the posts displaced from the 
ends of the diameter of the base towards the 
portion of lesser flexibility; 

Figure 6 is a perspective view of a 
tricuspid mitral valve replacement in 
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accordance with the invention; 

Figure 7 is an underneath view or 
inflow aspect of the valve replacement of 
Figure 6; 

5 Figure 8 is a diagram of a test rig 

for testing valves; and 

Figure 9 is a comparative table of 
test results. 

In Figures 1 to 3, a bioprosthetic 

10 bicuspid mitral valve replacement comprises a 
flexible plastics frame 1 (Figure 3) having a 
ring-shaped base 2 and a pair of upstanding 
posts 3 at opposite ends of a diameter and 
dividing the base into two portions 2A, 2B of 

t5 varying flexibility, together with two animal 
tissue leaflets H (Figures 1 and 2) each 
having a periphery consisting of a free 
portion 4A extending between the tips 3X of 
the posts 3 and a fixed portion 4B secured and 

20 sealed to corresponding sides of the posts and 
the adjacent portion of the base. 

The flexible frame 1 is formed of 
Delrin covered with Dacron cloth 5 (Figure 1), 
with the differential flexibility afforded by 

25 differing thicknesses of Delrin in the 
respective portions 2A, 2B of the base 2 into 
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which the posts 3 merge at each side by way of 
a continuous curve 6 from the rounded tip 3X 
of one post 3 to the rounded tip 3X of the 
.other post 3. 

5 Figures 1 and 2 show the leaflets 4 in 

their natural positions after attachment to 
the cloth-covered frame 1, which is shown 
stitched to a sewing ring 7 through which it 
can be attached to the circumference of the 

10 auriculo-ventricular orifice in a heart (not 
shown), with the portion 2B of the base 2 of 
greater flexibility adjacent the aortic valve, 
whereby the base can deform to an approximate 
D-shape (as shown by Figure 3) as is the case 

15 with the natural mitral valve. 

The valve leaflets 4 are cut from a 
flat sheet of fully fixed (i.e. gluteraldehyde 
treated) animal tissue (e.g., bovine or calf 
pericardium) in the manner shown in Figure 4 

20 in which the shape of each leaflet 4 
corresponds to a portion of the surface of a 
cone 8 which portion is defined by the 
intersections on the conical surface of two 
parallel flat planes 9, 10 having peripheries 

25 on the conical surface corresponding in length 
respectively to the circumference of the ring- 
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shaped base 2 and the distance between the 
tips 3X of "the posts 3 of the frame 1 f and a 
third intersection on the conical surface of a 
curved plane 11 concave towards the apex 12 of 
the cone 8 and intersecting the two parallel 
flat planes 9t 10 a fc opposite sides of the 
cone, the spacing of the flat planes and the 
curvature of the curved plane (which changes 
throughout its length) being such that the 
development 4B of the curved plane 11 on the 
conical surface matches in length and 
curvature the continuously blending curve 6 of 
one arcuate portion 2A or 2B of the ring- 
shaped base 2 and the adjacent sides of the 
posts 3, so that no moulding or stress-fixing 
of the leaflet 4 is required* References D,d 
and H,h in Figures 3 and 4 indicate 
corresponding diameters and heights 
respectively* 

In Figures 3(a) and 3(b) the broken 
lines 4A' and 4A n represent respectively the 
open positions and closed (or coaptation) 
positions of the free edges 4A of the leaflets 
M ♦ 

As previously mentioned, and as will 
be seen in Figure 3 the posts 3 are disposed 
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at opposite ends of a diameter of the 
undistorted 'base 2; on the other hand, Figure 
5 shows the posts 3 displaced towards the 
portion 2A of lesser flexibility to 
5 accommodate leaflets 4X 9 4Y of unequal size, 
as in the natural mitral valve, in which case 
the leaflets are cut from flat sheet as in 
Figure 4 but with different cone angles 
appropriate to the respective leaflets. 

10 In Figures 6 and 7 a bioprosthetic 

tricuspid mitral valve replacement comprises a 
flexible plastics frame 1 having a ring- 
shaped base 2 and three upstanding posts 3 
disposed at regular intervals round the 

15 undistorted base, which has two-portions 2A, 
2B of varying flexibility, afforded by a 
greater thickness in the portion 2A than in 
the portion 2B, which latter is therefore more 
flexible, whereby the base can deform in the 

20 manner described with reference to Figure 
3(d). Three animal tissue leaflets 4 each 
having periphery consist of a free portion 4A 
extending between the tips 3X of posts* and a 
fixed portion 43 secured (after covering the 

25 frame 1 with cloth 5) and sealed to 
corresponding sides of the posts 3 and 
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adjacent portion of the base 2. The 
tricuspid valve replacement is shown with its 
leaflets 4 in their natural positions after 
attachment to the cloth covered frame 1, which 
is shown stitched to a sewing ring 7 through 
which it can be attached to the circumference 
of the auriculo-ventricular orifice in a heart 
(not shown), thereafter to function in similar 
manner to the bicuspid valve replacement of 
Figures 1 to 3. The three leaflets 4 of the - 
tricuspid valve replacement are each cut from 
flat sheet as in Figure 4 but with different 
cone angle and diameters appropriate to the 
different lengths 4A and 4B. 

In Figure 8, M and A represent test 
valves in the mitral and aortic positions 
respectively within a sealed, test chamber 13 
having an inlet fluid reservoir 14. Pumping 
is effected by a piston 15 with a velocity 
servo system 16 coupled to the 
digital/analogue (D/A) unit of a micro- 
computer 17, the flow being in the direction 
of the arrows from the aortic valve A to the 
mitral valve M via a lumped parameter model of 
afterload 18 and a turbine flowmeter 19. Vp 
and Ap are model ventricular and aortic 
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pressures respectively monitored with purpose 
built catheter tipped devices, Pd and Pv are 
the displacement and velocity respectively of 
the piston at any instant, and Vc is the 
5 piston control signal derived from the micro- 
computer 17 through its digital/analogue (D/A) 
unit. 

A bicuspid mitral valve replacement in 
accordance with Figures 1 and 2 and two 

10 currently used tricuspid mitral valve 
replacements of corresponding size were tested 
for pressure drop and regurgitation in the 
mitral position M. A summary of the test 
results is given in the table of Figure 9 and 

15 shows that the performance of the new bicuspid 
valve replacement compares very favourably 
with the two currently available bioprosthetic 
tricuspid mitral valve replacements. • In 
particular the comparison with the Ionescu- 

20 Shiley valve indicates similar pressure drops 
with appreciably less regurgitation. 
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1. " A bioprosthetic mitral valve 
replacement characterised by a flexible 
frame (1) having a ring-shaped base (2) and at 
least a pair of upstanding posts (3>»which 
divide the base into at least two portions 
(2A, 2B) of varying flexibility, together with 
animal tissue leaflets (4) each having a 
periphery consisting of a free portion (4A) 
extending between the tips (3X) of posts (3) 
and a fixed portion (4B) secured and sealed to 
corresponding sides of the posts and the 
adjacent portion of the base, 

2. A bicuspid mitral valve 
replacement as in Claim 1, characterised in 
that a pair of posts (3) are disposed at 
opposite ends of a diameter of the undistorted 
base (2). 

3. A bicuspid mitral valve 
replacement as in Claim 1, characterised in 
that a pair of posts (3) are displaced from 
the opposite ends of a diameter of the 
undistorted base (2) towards the portion (2A) 
of lesser flexibility to accommodate leaflets 
(4) of unequal size* 

A tricuspid mitral valve 
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replacement as in Claim 1, characterised in 
that three posts (3) are disposed at regular 
intervals round the undistorted base (2). 

5. A mitral valve replacement as in 
any one of Claims 1 to 4, characterised in 
that the flexible frame (1) is formed of 
Delrin covered with Dacron cloth (5), with the 
differential flexibility afforded by differing 
thicknesses of frame material to either side 
of the posts (3). 

6. A mitral valve replacement as in 
Claim 5, characterised in that the posts (3) 
merge at each side into the respective arcuate 
portions (2A, 2B) of the ring-shaped base (2). 

7. A mitral valve replacement as in 
Claim 6, characterised in that the merging of 
the posts (3) into the base (2) is by way of a 
continuous curve (6) from the rounded tip (3X) 
of one post (3) to the rounded tip of the 
other post (10). 

8. A mitral valve replacement as in 
Claim 7, characterised in that the valve 
leaflets (4) are cut from a flat sheet of 
fully fixed animal tissue. 

9. A mitral valve replacement as in 
Claim 8, characterised in that the shape of 
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each leaflet (4) corresponds to a portion of a 
surface of a cone (8) which portion is defined 
by the intersections on the conical surface of 
two parallel flat planes (9, 10) having 
peripheries on the conical surface 
corresponding in length respectively to the 
circumference of the ring-shaped base (2) and 
the distance between the tips (3X) of the 
posts (3) of the frame (1), and a third 
intersection on the conical surface of a 
curved plane (11) concave towards the apex 
(12) of the cone (8) and intersecting the two 
parallel flat planes (9, 10) at opposite sides 
of the cone, the spacing of the flat planes 
(9, 10) and the curvature of the curved plane 
(11) being such that the development of the 
curved plarfe on the conical surface matches in 
length and curvature the continuously blending 
curve (6) of one arcuate portion (2A or 2B) of 
the ring-shaped base (2) and the adjacent 
sides of the posts (3). 
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Fig. 7 
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